A simple general relation P = Q + R + 1 between the number P of kinds of species, the number Q of charge and elemental/core balances and the number R of independent equilibrium constants is deduced, and its validity is confirmed for non-redox and redox electrolytic systems, of different degree of complexity.
Introduction
The quantitative, thermodynamic description of any electrolytic system requires prior information on 1) the species present in the system considered; 2) the equilibrium constants; 3) the balances. The balances and expressions for equilibrium constants interrelate molar concentrations of the species in the system. To do it, we should necessarily define these terms in an unambiguous manner. This possibility gives the Generalized Approach to Electrolytic Systems (GATES) [1] - [18] which offers the best tool applicable for thermodynamic resolution of electrolytic systems of any degree of complexity.
This paper refers to batch and dynamic, multicomponent and mono-or multiphase closed systems with condensed (liquid, liquid + solid, liquid1 + liquid2, liquid1 + liquid2 + solid) phases, where quasistatic processes proceed under isobaric + isothermal conditions. The species forming solid phase are marked below in bold letters.
An example of a dynamic procedure is the titration, where V mL of titrant (T) is added into V 0 mL of titrand (D). The D + T mixture thus formed involves the related species.
The issue raised in this paper concerns formulation of a general relation z i iA iA X n n ⋅  in mixed-solvent media [12] - [14] 3 and FeOOH are considered equivalently. However, one can find in literature [19] a strange species such as ( ) 3 6 15 Al OH + that can be equivalently written as (Al(OH) 3 ) 5 Al
3+
, although soluble hydroxo-complex Al(OH) 3 is unknown elsewhere in literature-probably for the same reasons as Fe(OH) 3 ; the ephemera/freak (Al(OH) 3 ) 5 Al 3+ is not acceptable, although the precipitate Al(OH) 3 is known.
Omission of the species ( ) 3 6 15 Al OH + in the set of species is followed by omission of the related equilibrium constant, i.e. (P -1) = Q + (R -1) + 1 is equivalent to Equation (1) . When collecting the species related to the system considered from the viewpoint of Equation (1), one can choose between the species containing different number of H 2 O molecules involved in the related formula. This choice is made, however, in the context of accessible physico-chemical knowledge concerning the components considered. For boric acid, ref. [19] BO − ) and 3 equilibrium constants. So the increase in the number of constituents by 2 is associated with an increase in the number of equilibrium constants by 2. This means that (P-2) = Q + (R-2) + 1 (or (P + 2) = Q + (R + 2) + 1) is equivalent to Equation (1). Factually, HB(OH) 4 ≡ H 5 BO 4 ≡ H 3 BO 3 (H 2 O) is equivalent to H 3 BO 3 . The inclusion/omission in considerations of m independent components is associated with inclusion/omission of m equilibrium constants; it means that (P ± m) = Q + (R ± m) + 1 ⇔ Equation (1). The value of any equilibrium constant formulated on the basis of mass action law depends on the reaction notation applied for this purpose; e.g., for a polyprotic acid H n L, forming the species H j L j−n (j = 0, ⋅⋅⋅, q), equal numbers of dissociation constants (K i , i = 1, ⋅⋅⋅, q) or stability constants of the proto-complexes ( ; E 02 = E 01 -ϑ•pK W (ϑ = RT/F•ln10); pK sp2 = pK sp1 -2•pK W . In the context with known pK W , pK sp1 and E 01 values, E 02 and K sp2 are not new/independent equilibrium constants. In the latter notation, suggested also in [23] , the term solubility "product" is misleading; from the viewpoint of the "Occam razor" principle, the generalizing term "solubility constant" seems to be a better choice, in this case. Moreover, some moderately soluble in aqueous media solid phases, e.g. I 2 [1] , dimethylglyoxime [24] [25], 8-hydroxyquinoline [26] , are not characterized by solubility products; in these cases, the molar solubility, s [mol/L], at defined temperature can be considered as an equivalent form of solubility constant related to the solid phase. The problem of apparent/redundant number of equilibrium constants in tables of physico-chemical data and the resulting problems involved with inconsistency of these constants were indicated in [11] [27] .
The set of stability constants for tartrate 2 2i i CuL + − (i = 1, ⋅⋅⋅, 4) complexes cited in [19] is controversial, owing to steric hindrances in formation of the postulated complexes, and high ionic charge (−6) of the ion at i = 4; the possible complexes with HL − ions were not taken there into account-as elsewhere, for other Me-ions. Nevertheless, in the lack of other, competitive equilibrium data, the stability constants for 2 2i i CuL + − can be used in the related calculations.
Concluding, any kind of complex species in involved with the related equilibrium constant, and inclusion/omission of independent complex(es) in calculations is involved with inclusion/omission of the related equilibrium constant(s); P and R are on opposite sides of equality sign in Equation (1) . Inclusion of a species (or a set of species) in the related balances without prior physicochemical information related to its/their equilibrium constant(s) is pointless.
Balances
Formulating the balances for electrolytic systems is also ambiguous. First, the most natural form of balance for ions is the charge balance
expressing the principle of electroneutrality of the solution [21] , of frequent use is the proton balance [28] , resulting from interpretation of stoichiometric reaction notations in acid-base systems. However, the proton balance is a linear combination of charge and concentration balances [29] .
Within GATES, the term "core balance" is also applied; e.g., 2 4 SO − is a common core within the set of spe- 
related to C mol/L FeSO 4 solution. Generally, a core is considered as a cluster of elements with defined composition (expressed by chemical formula) and charge [5] . Frequently, the core balance is equivalent to elemental balance; e.g., the balance (3) for the core 2 4 SO − is tantamount with the balance for S. For the system FeSO 4 (C) + H 2 S (C 1 ), where none synproportionation [7] 
where [FeS] is the concentration of the precipitate FeS; Equation (4) 
can be presented as the linear combination of core (for 
However, when V mL of C mol/L KMnO 4 is added into V 0 mL of C 0 mol/L of acidified (H 2 SO 4 ) solution of H 2 C 2 O 4 (C 0 ), the elemental balance for carbon C (in closed system)
cannot be presented as the (combined) sum of core balances for [18] . A proper choice of multipliers for the combined balances gives the simplest form of GEB [11] - [14] . The 2•f(O) − f(H) and any linear combination of 2•f(O) − f(H) with other balances related to a redox system have full properties of GEB. The GEB obtained according to Approach II is equivalent [5] to GEB obtained according to Approach I [35] - [42] , considered as a "short" version of GEB, based on the principle of common pool of electrons for elements participating immediately the equilibria in a redox system. The formulation of GEB according to Approach I can be used, if the oxidation numbers for all elements in the species participating redox equlibria are easy to calculate. Prior knowledge of the oxidation numbers is not necessary if GEB is formulated according to Approach II; it is a circumstance of capital importance, particularly when referred to complex organic species of biological origin. In this context, it should be noticed that the oxidation numbers are assumed arbitrarily. It should also be stated that the roles of oxidizers and reducers are not ascribed to particular species within both Approaches (I and II) to GEB, formulated by Michałowski in 1992 and 2006, respectively. For comparison, earlier (i.e., after 1960s) approaches to dynamic redox systems were based on primitive formulations, with stoichiometric reactions involved. The roles of oxidizers and reducers were ascribed to indicated species, and homogeneous, non-homogeneous and symmetrical reactions were distinguished. Irrespectively of the complexity of the redox system considered, only two pairs {(Ox i , Red i ) i = 1, 2} were involved in two concentration balances. Charge balance and concentration balances for other elements were not formulated. Only two equilibrium constants, namely "formal" potentials related to the (Ox i , Red i ) pairs were used and applied to formulate the equilibrium constant for the redox reaction notation considered. These approaches were extensively criticized, mainly in [4] [8] . Nonetheless, those approaches are still practiced, also in literature issued recently [43] [44] . Thus, the wide promotion of GATES/GEB, that provides the best possible thermodynamic approach to electrolytic redox systems, is necessary. NaCl is usually considered as wholly dissociated in diluted aqueous solutions. However, in the saturated solution, not dissociated forms of this salt are admitted, [NaCl] > 0, i.e., NaCl can be considered as a soluble complex [45] ; in this case, we have P = 7, Q = 3, R = 3, i.e. 7 = 3 + 3 + 1. The solubility s of this salt is considered as a kind of equilibrium constant; this assumption can be also related to some other solids. However, the s should not be considered [24] - [26] as the quantity interrelated with the solubility product K sp for M n L u by the relation s n+u = n n u u •K sp , as is usually practiced, e.g. in [45] . 4 ) is introduced into V mL of aqueous solution with dissolved CO 2 . As results from detailed calculations made in [46] , before the solubility product (K sp1 ) for pr1 is attained, the solubility product (K sp2 ) for pr2 = Mg 3 (PO 4 ) 2 is crossed. At (pC 0 , pC CO2 , pC b ) = (3, 4, ∞), the process pr1  pr2 leads to total depletion of pr1; the solubility product K sp1 is not attained (q 1 < 1). At (pC 0 , pC CO2 , pC b ) = (2, 4, ∞), K sp2 for pr2 is attained at ppr1 = 2.013 and pr2 precipitates according to reaction 3pr1 = pr2 + 4 , i.e. the solubility products of these precipitates are not crossed [9] . Three electron-active elements: Fe, C and Mn are involved in this system. Denoting atomic numbers: Z C = 6 for C, Z Mn = 25 for Mn, Z Fe = 26 for Fe, the resulting GEB is written according to Approach I to GEB as follows: 
Examples of Electrolytic Systems

Non-Redox Systems
Redox Systems
The equation for charge balance (Equation (7)) and equations for concentration balances for Fe (Equation (8)), Mn (Equation (9)), C (Equation 10) and SO 4 (Equation (11)), and K (Equation (12)) are as follows: 
The relationships between concentrations of the species in Equations (6)- (12) HC O 10 Fe OH 10 Fe OH Fe C O 10
FeC O 10 Fe C O 10
MnC O 10 Mn C O 10
MnO
Mn 10
Mn Mn 10 
